Diabetes mellitus (DM), is a group of metabolic diseases in which there are high blood sugar levels resulting from defects in inulin absorption over a prolonged period. This research was carried out to evaluate the management outcome in Type-1 diabetes adolescents in Calabar, Nigeria. Nineteen (19) diabetic adolescent patients attending selected clinics in Calabar and another 19 age-and-sex matched healthy adolescents were recruited for this research.
.
Individual with Type 2 DM are not dependent on insulin for survival but they may require insulin to achieve adequate glycaemic control. Type 2 DM is more common in people older than 35 years and most commonly result from insulin resistance with inability of the pancreas to maintain adequate compensatory hyperinsulinaemia 8 .
The signs and symptoms of diabetes mellitus (DM) includes polyuria, polydipsia, polyphagia, weight loss, ketoacidosis, ketonuria, hyperosmolarity, hepatomegaly, tiredness, legcramps, shocks, coma, frequent infections 9 . Complications of DM include arteriosclerosis, capillary glomerulosclerosis, neuropathy, nephropathy, lower limb gangrene, micro and macro angiopathy and retinopathy 10, 11 . These complications are responsible for greater morbidity and mortality in diabetics and arise in chronic diabetic state 12 . Hyperglycaemia, the most frequent sign of DM, is considered the aetiological source of most if not all diabetic complications as well as anthropometric derangements 13 . Good glycaemic control has clearly been shown in several clinical studies to reduce the risk of development of acute and chronic complications and to slow the progression of already established complications 14 .
Good glycaemic control can be achieved by use of insulin and oral hypoglycaemic agents in combination with appropriate diet, exercise, life style changes and in some reported cases herbal agents have been used. However, insulin remains the main agent of choice for childhood diabetes 15, 16, 17 experimentations results in reduced adherence to the treatment regimen 33,34. Adolescence is a period marked by feelings of ambivalence, impulsiveness, and mood swings; the struggle to separate from parents; and the need to be accepted by peers may adversely affect diabetes treatment. Adolescents typically engage in experimentation and risk-taking behaviours that may adversely affect self-care and clinical outcomes 35 . Metabolic/glycaemic control thus tends to deteriorate in adolescence.
Good glycaemic control over the course of the disease has been shown to reduce the risk of development and progression to complications 36, 37 . Thus good glycaemic control should form the main goal of any management protocol for children with diabetes 38 .
Materials and Methods

Materials
Materials used in this study were: Glucometer, Accu-check 
Subjects
This study was carried out in two groups of adolescents after ethical approval by Ethics Committee University of Calabar 
Method of sampling
This was a prospective study involving confirmed adolescent diabetic children aged between 13 and 19 years, receiving treatment between February 2012 and January 2013 in the above mentioned clinics with no other chronic illness and who also gave consent following detailed explanation of extent and purpose of the study to subjects, their parents/guardians. The subjects were randomly selected within the limit of the desired age bracket. Both test and control groups were age and sex matched.
The selection criteria for diabetics were based on blood glucose level above 7.0Mmol/L
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. Parameters measured include height, weight, BMI, blood pressure, blood groups, fasting blood glucose and glycated haemoglobin levels. The subjects were monitored quarterly for one year.
Sample collection
Blood samples for investigation were collected during subject clinic visits. After an overnight fast, fasting venous blood samples were collected aseptically from the subjects via venepuncture for fasting plasma glucose determination. 4mls of the blood was emptied into EDTA bottles and about 2mls fixed into fluoride oxalate bottles. Blood sample in EDTA bottle was used for blood grouping and glycosylated haemoglobin while that in fluoride oxalate bottles was used for fasting blood sugar estimation. Blood grouping was done according to method described by Dacie and Lewis
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.
Estimation of glucose
This was done using the glucose oxidase method of Barharm and Trinder
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. The blood samples in fluoride-oxalate bottles were centrifuged at 2000/rpm for 5 minutes, minutes and plasma was collected. Three test tubes were used and 0.01ml of subjects' blood was put into one test tube, 0.01ml of glucose standard into another and 0.01ml of distilled water into the third tube. Into each of the tubes 1ml of glucose reagent was added and incubated at 37 °C for 10 minutes. The absorbance of standard and subjects was read against the blank at a wave length of 660 nm. The intensity of the colour change is proportional to the concentration of the glucose in the sample blood. Blood glucose estimation was also carried out with glucometer (Accucheck advantage II Roche diagnostic GmbH Germany) and Accucheck advantage II test strips) where sugar strip was inserted into a one stop glucometer, glucometer and a drop of blood werewas placed on the sample spot. The meter automatically issued a result in mmol/L after 45 seconds. The glucometer is a glucose oxidase based instrument used for blood glucose measurement.
Glycated haemoglobin analysis
This was analysed using ion exchange chromatography as described in the DIALAB Glycated haemoglobin Kit obtained from Giesel shaft, Germany. No special preparation was necessary for this assay. 
Height and weight
Height
Height was measured with subjects standing using an erect meter rule placed against a perpendicular wall. The subjects stood erect, barefooted, heels together against the bottom of the wall with the buttocks, shoulder and head touching the wall and the chin raised. They were told to look straight ahead, take a deep breath and make themselves as tall as they could. A wooden head piece was then made to rest on the head of the subject and held firmly to the wall at right angles and the subject was asked to move away from under the head piece. The height was read from under the head piece on the calibrated meter rule placed against the perpendicular wall to the nearest 0.1 cm.
Weight
Weight was taken using a standard scale, bathroom type (Hanson made in England), which has an inbult calibrated scale in kilograms. It was ensured that the pointer was at zero mark before measurement was taken for each subject. The subjects were asked to remove shoes and made to stand squarely and gently on the scale, straight and looking forward. The kilogram weight was recorded after reading from the pointer lens. Errors due to parallax were avoided by placing the scale on a flat but solid surface and the reading taken vertically.
Body mass index (BMI)
Body weight and height for both subjects measured were used to calculate body mass index. Body mass index was calculated using the equation:
Body mass index = Weight (kg) / Height x height (m²)
Blood pressure
All subjects had their blood pressure measured in the morning in the sitting position from the arm after five minutes rest using a mercury sphygmomanometer with cuff of appropriate sizes. The appropriate cuff was that which had a bladder length of 80% and a width that was at least 40% of the subjects arm circumference. Phases I and V Korotkoffs sounds were used as systolic and diastolic values respectively 43 . Two measurements were taken from each subject to the nearest 2mmHg at five minutes interval at each clinic visit and the mean calculated and used for analysis. Elevated blood pressure was defined as systolic and/or diastolic blood pressure > 95 th percentile for age and sex as recommended by the fourth report on the diagnosis, evaluation and treatment of high blood pressure in children and adolescents 44 .
Statistical analysis
Data were presented as mean ± SEM. Analysis of data for statistical significant was done using the unpaired students ttest, Pearson's correlation and regression analysis. The analysis was done with the aid of computer software, SPSS 17.0 for windows. P value of less than 0.05 was accepted as statistical significant.
Results
The results obtained from this study on the various parameters measured are presented below: 
Comparison of fasting blood glucose levels in control and
diabetic subjects 
Comparison of HbAic% of diabetic and control male and female subjects
HbA IC of diabetic males 7.93 ±0.56 and females 8.39 ±0.57
were significantly (P<0.001) higher compared with values for respective control males 5.36 ±0.11 and females 5.18 ±0.37 subjects as shown in Figure 6 .
Self-blood glucose monitoring
Evaluation of self-monitoring of blood glucose per day in the patients showed significant number 15(78.9%) measured their blood glucose 2 times per day while two patients (10.5%) were only able to measure once daily and 3 times respectively as presented in Table 3 . Four times -0
Clinical features at presentation
Duration of symptom before presentation
As represented in Table 4 significant number of patients 11(57.9%) presented to the clinic within 3 -6 weeks of symptoms. Those that presented within 1 -4 weeks were 5(26.3%). Two (10.53%) patients presented within 9 -12 weeks period and the extremely late presentation was by one patient after 6 months. 
Class performance of control and diabetic subjects
In table 6 class performances of control and diabetic subject are represented. The class performance ratings of the diabetic males and females were significantly lower (P<0.05) compared with the control subjects. The mean rating of the control males Table 7 showed that all the control subjects in this study belonged to 0 +ve blood group while in the diabetic group 16 subjects had 0 +ve , 2 subjects had A +ve and 1 subject was B +ve . 
Anthropometric parameters
The mean body weight of diabetic males and females were significantly lower compared to the control males and females. This supports the classical presentation of type 1 DM which includes polyuria, polydipsia, polyphagia and weight loss 45 . Baron and Knerr had reported that glucosuria causes a substantial loss of calories for every gram of glucose excreted, and that this loss when coupled with loss of muscle and adipose tissues, results in severe weight loss in spite of increased appetite 46, 47 . There was no sex barrier or differences in the degree of weight loss in both male and female diabetics probably because both are being affected by the increased metabolic demand associated with diabetes. Thus, the observed weight loss could have resulted from the persistent catabolic state as well as the loss of ingested calories including micronutrients through glycosuria and ketonuria 48, 49 . 
Age of onset and duration of illness
Average age of onset in male and female diabetics subjects were not significantly different, though some research work has reported early onset in females due to the effect of puberty. Results from this study corresponded positively with a study in Jos that placed mean age of onset at 12±4.3 years 55 .
This is however different from the following results obtained from North America, Spain, Saudi Arabia, and Iran which got a mean age of 7 years
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Although some studies have suggested that type 1 DM in children and adolescent present at a relatively older age in Nigeria, youngest children in researches in Benin and Jos were 5 years old respectively. An earlier study had reported that type 1 DM in Nigerian Africans rarely occurs in patients younger than 10 years which is in support of the findings of this study 57 .
Differences in age of onset might be related to racial variation.
Duration of illness in years was not significant between both sexes in this study and was similar to results of various studies including 53 . The importance of age of onset is that the earlier the age of onset, the more difficult to manage and the longer the individual will be exposed to hyperglycaemia with it consequences. The longer the duration of ill health, the greater 
Duration of symptoms before presentation
The study showed that majority of the patients delayed for more 
Clinical features at presentation
The major observed clinical features in diabetic subjects were polyuria, polydipsia and polyphagia which are classical symptom of DM. Other features included weight loss, dehydration, abdominal pains, vomiting DKA and coma in descending order (Table 4) .
Differences in prevalence of DKA in this study and other
reported research values could be due to the fact that DKA was the presenting symptoms in most of these studies, also due to the fairly though not optimal glycaemic control in our subjects who were already undergoing treatment before this research 59 .
Blood pressure
The systolic and diastolic pressures of both diabetic male and female subjects were not significantly different compared to the control, despite the strong correlation of DM with hypertension due to its effect on lipid metabolism and hence effects on blood pressure. 60 . Adolescents are at greater risk than younger children for the development of microvascular complication from diabetes. Puberty increases the risk for hyperglycaemia, partly as a result of decreased insulin sensitivity secondary to increased growth hormone levels, thus placing the adolescent especially those with long duration, at increased risk for cardiovascular disease 61 . Postural hypotension was even discovered to be common in young persons with type 1 DM with higher frequency in those with long standing disease 62 . Our result could be explained due to the short duration of illness as most chronic complications set in after 3 -5 years. Moreover for blood pressure abnormality there are other determinants apart from DM which include age, sex, height, weight BMI, level of physical activity, psychological stress, salt intake, oral contraceptives, environment, race, parental socio-economic status and coexistence with other diseases 60 .
Body mass index (BMI)
Though the initial BMI of diabetic male and females were within normal values, they were still significantly lowered compared to the BMI values of the control whose BMI appeared to represent pre-obese values. This result in a way seems to support the rising incidence of childhood obesity amongst our children and hence requires attention. It also may indicate that apparently the diabetic subjects could have been obessed or pre-obessed prior to onset of diabetes.
Fasting blood sugar in diabetic and control
Baseline fasting blood sugar levels in diabetic male and female subjects were significantly higher compared with the control male and female adolescents in this study. This is in keeping . This may be due to the fact that patients in this study were already undergoing treatment prior to this study.
Glycated haemoglobin in diabetic and control male and female subjects
Prior to this study HbA IC % was not assessed in these adolescent. Similarly reports from various researches within the country also showed irregular HbA IC % evaluation due to cost of the investigation and also the fact that many patients were not These conflicting findings can be explained by the fact that racial and geographical factors have a role in genetic expression of disease. The small sample size of this study cannot permit any logical conclusion about any blood group being more susceptible to diabetes mellitus. Similarly most of the studies had small sample perhaps larger scale studies and a meta-analysis of works done in this area may provide logical conclusion
Gender Distribution distribution
Gender distribution of subjects in this study showed male 
Diagnosis/treatment modalities
In this study adolescent type 1 diabetes was diagnosed using symptoms plus fasting blood glucose >7mmol/L recorded on two occasions or random blood glucose >11.1mmol/L and HbA IC % of >7%. DKA was diagnosed using FBG >14mmol/L, serum bicarbonate <15mmol/L, ketonuria and DKA signs which included dehydration, acetone breath and Kussmal respiration.
Treatment modalities for adolescent diabetics in the selected clinic included insulin alone, insulin and diet, insulin, diet and exercise (combination therapy).
Commonly used insulin in our subject was human insulin (premixed). Insulin analogues were very expensive and out of reach to these patients. Insulin dosing regimen was poor ranged from twice in most subject to three times daily for very few patients. Reason for this low dosing is that despite the middle and high socioeconomic class of the parents, the availability/affordability of insulin was poor. Therefore, people in these families use less than prescribed amount so that their supply last longer which can account for the inadequate use as 
Treatment modalities and fasting blood glucose
Fasting blood glucose levels showed better glycaemic control for patients on diet and insulin, followed by those on combination therapy with poor result observed on those on insulin alone. . Those on insulin + diet and combination therapy had HbA IC % value nearly close to 7% indicating better control with these treatment modalities. 
Mode of treatment and body mass index (BMI)
Adolescent
Academic performance
Bearing in mind that school problems such as school phobia, truancy and under achievement which will eventually lead to academic failure is common during adolescence period, when such children are saddled with a chronic ill health like DM with further psychological complications, absenteeism from school due to ill health and frequent hospitalizations then poor academic performance may become inevitable .
In this study (Table 7) , academic performance was better in control groups than in diabetic group. This result can be explained by the effect of recurrent severe hypoglycaemia and hyperglycaemia which has been related to decrease memory and learning capacity. It is however difficult to draw a strong conclusion due to short duration of ill health, small sample size and the fact that the assessment of academic achievement was based on verbal information which could be deceptive.
Academic performance was also slightly lower in early onset diabetes (EOD) compared to late onset diabetes (LOD) in children in their study.
Summary
Mean age of diabetic males and females were not statistically significant as compared to male and female control group. Result showed lower body weight, height and BMI in diabetic subjects compared to controls. More adolescent males were affected with DM than females. Average age of onset of illness in diabetic males and females were not significant, and the same result was observed in duration of illness.
No blood pressure abnormalities were observed in both groups. ABO/Rhesus blood group showed predominance of O +ve in both groups.
The major presenting clinical features were polyuria, polydipsia, polyphagia and weight loss. Almost all the patients presented late to hospital. Hospitalization of diabetic patients was mainly due to malaria group. Majority of the diabetic patients had prolonged hospital stay with encouraging discharge rate. Acceptable FBG level, HbA IC %, body weight and BMI were seen in those on diet + insulin followed by those on combination therapy while those on insulin alone had unacceptable values. Self-blood glucose monitoring was inadequate. Daily insulin dosing was also inadequate in these patients. Hence the suboptimal result. Two deaths occurred amongst the diabetic group in the course of this study due to ketoakidosis.
Conclusion
Education correlates positively with glycaemic control, anthropometric parameters and general wellbeing of the diabetic subjects especially those who received diet and insulin therapy. Adolescent female diabetics have better management outcome compared to males.
Combined therapy and insulin therapy resulted in improved glycaemic control and general wellbeing.
There is need for improved awareness to the general public that diabetes mellitus in children/adolescents is not as rare as previously thought and prevalence is increasing. Also, diabetes mellitus in children does not present exactly the same way as diabetes mellitus in adults to help reduce high misdiagnosis rates.
Evaluation of height, weight, BMI and nutrition plan at least every year.
Patients with disease duration longer than 3 -5 years should have annual clinical examination for retinopathy, nephropathy, cholesterol level estimation, and periodic assessment of blood pressure.
Glycosylated haemoglobin should be measured four times a year and blood glucose levels at least twice a day. Additional test if there is hypoglycaemia in the night during period of intercurrent illness and when FBGL is >300mg/dl (16.7mmol/L) urine ketones should be tested.
Combination therapy should be encouraged in the management of diabetes. And being a multi-faceted disease, it requires multidisciplinary, multi-sectorial and multidimensional approach to be effectively managed and controlled.
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